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(54) Printing system and method of printing 

(57) The present invention provides a printing sys- 
tem in which a print head (17a) of each color has a plu- 
rality of nozzle groups (A,B) arranged in parallel in a 
main scanning direction. The number of nozzle groups 
(A,B) is equal to N1, and each nozzle group (A.B) in- 
cludes a plurality of nozzles aligned in a sub-scanning 
direction. An interval between the adjoining nozzle 
groups (A,B) in the main scanning direction is set equal 
to a pitch of kl dots, which is prime to. the number of 
nozzle groups N1. The print head (17a) is scanned in 
the main scanning direction and drives the plurality of 
nozzle groups (A,B) simultaneously on the print head 
(17a) to record dots every time that the print head (17a) 
shifts by N1 pixels in the main scanning direction. This 
structure enables each raster line in the main scanning 
direction to be recorded by different nozzles (A,B) in one 
main scan. The nozzle groups (A,B) may be shifted rel- 
ative to one another in the sub-scanning direction to pro- 
vide raster lines (L1.L2) formed from more than one 
main scan. 
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D scription 



The present invention relates to a printing system 
with a pnnt head that carries out scans on a printing me 
dium to implement printing. More specifically the 
present .nvention pertains to a technique of improving 
the picture quality of a resulting recorded image in such 
a printing system. 

The 'interlace printing method' disclosed in US Pat- 
, en, No 4,198,642 is a proposed technique that im- 
proves the picture quality of a resulting printed image in 
a printer, such as a serial ink jet printer, in which a print 
headcarr.es out main scans and sub-scans on a printing 
medium ,o implement printing. Fig. 23 illustrates an ex 
amplified process of interlace printing. A variety of pa- 

»1T< r o S o Sd in ,hS ,0 " 0Win9 desc "P"on. in the ex- 
ample of Fig. 23, it is assumed that a number of nozzles 
N that are actually used for formation of dots is equal to 
hree. A nozzle pitch k [dots] represents an interval be- 
tween centers of adjoining nozzles on the print head 
which is expressed by a pitch of pixels in a recorded 
.mage (do, pi, ch w) as ,he unit. In the example o, Fig 
23 k ,s equal to two. L denotes a feeding amount of the 
sheet of paper in sub-scan and is set equal ,o three 
raster lines in the example of Fig 23 

nJL th °u ra y ng ° f Fig - 23 ' Circ,e8 ' each inclu ding a 
o Z 1 , 9UrSS ' fepreSent ,hS reCOrdi "9 Prions 

Z^l T T« T ln the encircled number ° f ^0 

figures, the left-side figure represents the nozzle 
number and the right-side figure represents the record- 
ing sequence (in which main scan the do, is recorded) 
In he process of interlace printing shown in Fig 23~ 
the f,rs, main scan causes a second nozzle and a third 
nozzle to record dots on the respecive raster .ines. 
whereas no dots are formed by a firs, nozzle. After the 
sheet of paper .s fed by the amount corresponding ,o 
three raster lines as shown in Fig. 23, the second main 
,h? IT"? ° Ut ,0 f0rm ras,er lines with the first 
of Tat *ZT n ° 22leS - The s,ep of fee °^ the ^eet 
Z! 11 am ° Unl corres P°nding to three raster 
ines and the step of carrying ou, a main scan to form 
raster lines are repeated to record an image. The first 
main scan does not cause the first nozzle to form any 

scans no ™t i( T ^ and *» subse <^nt main 
scans do not form an adjoining raster line immediately 

t T! he f ima9ina, y ras,er,ine,0 ^edbythe,irstnozzle 
in the first main scan. 

,„ m ? 8 im ! rlaCe Primin9 f ° rms rasler lines inlermitlent- 
ly m the sub-scanning direction in the above manner to 

noSS nh T 9e - AKhOU9h Fi9 - 23 r6,ers t0 ,he Wite 
nozzle pitch, a variety of values may be set to the feed- 
ing amount L according to the nozzle pitch k and the 
number of nozzles N to realize ,he interlace printing | n 
general, the interlace printing process is charac, Hz d 

an^ arra ^t mem ° f 3 n ° 22le arra y on ,he P^nt head 
and the method of sub-scans. The nozzle array includes 
N nozzles aligned in the sub-scanning direction. When 
the interval between the centers of adjoining nozzles* 



set equal to k times the pitch of pixels, N and k should 
be integers that are prime to each other. Th ,eedi n n 
amount L in sub-scan carried out after each ma n scan 
is set equal to N times the pitch of pixels 

The interlace printing has an advantage of disoers 
ing a deviation of dot-forming positions of dots due To 
the distributions of the positional accuracy of nozzles 
cZt 6 ink - SD °" tin 9 characteristics on a resulting re! 
corded image. The interlace printing method accordinq- 
» V reduces the effects of the distributions of the noSe 
Pitch and the ink-spouting characteristics and improves 
the picture quality of the resulting recorded image 

In the prior art technique of interlace printinq adia- 
cent dots in the sub-scanning direction are recorded 
is different nozzles, whereas adjacent dots in the mZ 
scaring direction are recorded by an identical nozzT 
The e may be a deviation of dot-forming positions in the 
whole raster due to a distribution of ink-spouting char 
« a or' 08 ? ^ indiVidUal n ° 2Zles - Tbis may re'suj in 

es TZ '? PiC ' Ure qUa,ity ' A Simi,ar P™°™ aris- 
es in the case of non-interlace printing 

ikJhT" I 0 CanCe ' the d6Via,ion of forming posi- 
es n the whole raster and improve the picture quality 
of the resultmg recorded image, the overlap printing 
* technique may be adopted (for example, JAPANEsI 
PATENT LAYING-OPEN GAZETTE No 3-207665 JnH 

if^ThrT PUBUCATION G AfE 7 TTE 5 No d 
4 19030). The overlap printing process causes each 

30 2 T ,0 ^ f ° rmed by different two or 

*> niorema,nscans.Bywayofexamp.e,wheneachras,e 
line ,s formed by two main scans, the firs, main San 

^^d^sonlyinpixelsofoddordinalnulerwfSh 
as 2f, e f a , SUb " SCan ' ,ne second mai " scan records 

v.n, A S Ca,i ° n ° f the ° Verlap printin 9 technique pre- 
faster » h '° n °' dot ' ,ormin 9 P~«ions in the whole 
raster and improves the picture quality of ,he resullino 
« recorded ,mage. The overlap printing pLess, however 
J" *? °; m ore main -ans to SL each 'ras,eS 

,1 9yCaUS6S an ° ,her Pr ° blem ' that 's. 'ower 

mg of ,he printing speed. 

A printer recently proposed records dots in each 

r r b n er o : eriapping manner and ,h6reby ^ 

the number of expressible tones in each pixel In this 
prrnter, two or more main scans are also requ red ,o 
record dots ,n an overlapping manner and compte e 

so s % C e h r " ne - Th,S a ' SO CaUSeS 3 decrease in Pnntfng 

v« 0 ?? 6 ° b - eCt ° f ,he Presenf invention is thus to pro- 
v.dea, e chn.queof P reven,ingadevia,iono,dot-,orminq 
positions on each raster .ine without lowering the J2 
mg spe d, so as to improve the picture quality o, a re- 
« suiting recorded image. 

Another object of the pres nt invention is to provide 
a technique o, improving the printing speed in a print no 
system that records dots in an ov dapping manner 9 
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At least part of the above and the other related ob- 
jects is reaped by a printing system that carries out a 
main scan, which reciprocates a print head relative to a 
printing medium, and forms a raster line, which is a row 
of dots aligned in a main scanning direction, so as to s 
print an image on the printing medium, wherein the print 
head has a plurality of nozzles which form an identical 
type of dots on a raster line in one main scan. 

In the printing system of the present invention, dots 
are recorded by different nozzles on each of at least part 10 
of raster lines in the course of one main scan. This struc- 
ture enables a deviation of dot-forming positions due to 
a distribution of the characteristics of the individual noz- 
zles to be effectively dispersed on each raster line and 
thereby improves the picture quality of a resulting re- 75 
corded image. The structure attains this effect without 
increasing the number of main scans required to form 
each raster line. The printing system of the present in- 
vention thus improves the picture quality of the resulting 
recorded image without lowering the printing speed. 20 

In accordance with one application of the printing 
system, a plurality of dots may be recorded in each pixel 
on a raster line by a plurality of nozzles in the course of 
one main scan. Application of the above structure to the 
printing system that records dots in each pixel in an 2s 
overlapping manner improves the printing speed while 
increasing the number of expressible tones in each pixel 
to enhance the picture quality. 

In accordance with one preferable application of the 
present invention, the plurality of nozzles are arranged 30 
at a predetermined interval k1 in the main scanning di- 
rection, the predetermined interval being an integral 
multiple of a pitch of pixels in the main scanning direc- 
tion. 

In the printing system of this preferable structure, 35 
all the nozzles can record dots in the respective pixels 
at an identical drive timing. The structure of setting an 
identical drive timing to all the nozzles and controlling 
the on-off state of each nozzle enables dots to be re- 
corded in arbitrary pixels. This structure simplifies a driv- 40 
ing circuit or a driving mechanism for driving the respec- 
tive nozzles. 

In accordance with another preferable application 
of the present invention, the printing system further in- 
cludes a drive unit which controls actuation of the plu- 45 
rality of nozzles and causes the plurality of nozzles to 
record dots at different positions on the raster line. 

In the printing system of this preferable structure, 
dots can be recorded at different positions on each 
raster line by the plurality of nozzles. This structure en- so 
ables a deviation of dot-forming positions to be effec- 
tively dispersed on each raster line and thereby im- 
proves the picture quality of the resulting recorded im- 
age. The driving unit may drive the respective nozzles 
at different timings or alternatively at an identical timing, ss 

In the printing system of this structure, it is prefera- 
ble that the plurality of nozzles are arranged to satisfy a 
relationship in which the predetermined interval k1 of the 



plurality of nozzles in th main scanning direction ex- 
pressed as the pitch of pixels in the main scanning di- 
rection is prime to a number of the plurality of nozzles 
N1 aligned in the main scanning direction. 

In this structure, it is further preferable that the drive 
unit drives the plurality of nozzles simultaneously at a 
specific timing to record dots in every N1-th pixel in the 
main scanning direction. 

In the printing system of this structure, the respec- 
tive nozzles are set to the ON state simultaneously at 
predetermined intervals, that is, at the intervals of re- 
cording dots by every shift of N1 dots in the main scan- 
ning direction. This structure enables dots to be record- 
ed in different pixels. This structure facilitates the control 
for dot formation and simplifies the structure of the driv- 
ing circuit for driving the nozzles. 

This effect will be described more concretely. Fig 
11 illustrates the process of recording dots with the print 
head having two nozzle groups, that is, nozzle groups 
A and B. Since the print head has two nozzle groups 
N1 is equal to two. The interval between the nozzle 
groups A and B in the main scanning direction corre- 
sponds to three dots; that is, k1=3. In this example, N1 
and k1 are prime to each other. The dots formed by the 
print head are shown by the circles and the squares in' 
Fig. 1 1 . The circles represent dots formed by the nozzle 
group A, whereas the squares represent dots formed by 
the nozzle group B. 

Fig. 12 illustrates the process of recording dots at 
the time point when the print head shifts in the main 
scanning direction by N1 dots (two dots in this example) 
As shown in Fig. 1 2, the structure of the printing system 
enables dots to be recorded in new pixels where no dots 
have been recorded previously. 

Figs. 13 and 14 illustrate the process of recording 
dots at the time points when the print head further shifts 
m the main scanning direction. As shown in Figs. 1 3 and 
14, the structure enables dots to be recorded in new pix- 
els where no dots have been recorded previously 

The above example regards the case of N1 =2 and 
k1=3. Similar effects can be achieved as long as the 
number of nozzles N1 and the interval k1 between the 
adjoining nozzles in the main scanning direction are 
prime to each other. 

In accordance with still another preferable applica- 
tion of the present invention, the print head has plural 
sets of the plurality of nozzles, the plural sets being ar- 
ranged at a given interval in a predetermined direction 
crossing the main scanning direction, the given interval 
being an integral multiple k2 of a pitch of pixels in the 
predetermined direction. 

The printing system of this preferable structure en- 
ables a plurality of raster lines to be formed simultane- 
ously, thereby improving the printing speed. In another 
aspect, this preferable structure implies a plurality of 
nozzle groups aligned in the main scanning direction, 
each group including the plurality of nozzles arranged 
at a given interval in the predetermined direction cross- 
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ing the main scanning direction. The given interval is an 
integral multiple of the pitch of pixels in the predeter- 
mined direction. By way of example, the print head may 
have a plurality of nozzle groups A and B arranged in a 
main-scanning direction as shown in Fig. 11 . In accord- 
ance with one modification, part of the nozzle groups 
may consist of only one nozzle. The printing system de- 
scribed above includes both type of system that carries 
out the other scanning and not. 

In the printing system of this preferable structure, it 
is preferable that the print head has the plural sets of 
the plurality of nozzles that are arranged to satisfy a re- 
lationship in which the integral multiple k2 and a number 
of the plural sets N2 are prime to each other. 

In accordance with one application of this structure, 
the printing system further includes a sub-scanning unit 
that carries out a sub-scan, which shifts the printing me- 
dium relative to the print head by a predetermined 
amount of feed in a sub-scanning direction or in the pre- 
determined direction crossing the main scanning direc- 
tion every time when one raster line is formed, the pre- 
determined amount of feed being N2 times the pitch of 
pixels in the sub-scanning direction. 

The printing system of this structure realizes inter- 
lace printing. The interlace printing enables a deviation 
of dot -forming positions due to a distribution of the char- 
act ristics of the individual nozzles to be effectively dis- 
persed on each raster line as well as among different 
raster lines, thereby further improving the picture quality 
of the resulting recorded image. 

The present invention is also directed to a method 
of carrying out a main scan, which reciprocates a print 
head relative to a printing medium, and forms a raster 
line, which is a row of dots aligned in a main scanning 
direction, so as to print an image on the printing medium, 
wherein the print head has a plurality of nozzles which 
form an identical type of dots on a raster line in one main 
scan and are arranged to satisfy a relationship in which 
a predetermined interval kl of the plurality of nozzles in 
the main scanning direction expressed as a pitch of pix- 
els in the main scanning direction is prime to a number 
of the plurality of nozzles N1 aligned in the main scan- 
ning direction, the method including the steps of: 

(a) driving the print head in the main scanning di- 
rection; and 

(b) driving the plurality of nozzles simultaneously at 
a specific timing to record dots in every N1-th pixel 
in the main scanning direction. 

As discussed previously in the printing system of 
the present invention, this method enables the respec- 
tive raster lines to be formed by different nozzles, there- 
by improving the pictur quality of a resulting recorded 
image. This method also enables the control for that pur- 
pose to be readily realized. 

These and other objects, features, aspects, and ad- 
vantages of the present invention will become more ap- 



6 

parent from the following detailed description of the pre- 
ferred embodiments with the accompanying drawings, 
in which: 

5 Fig. 1 is a block diagram schematically illustrating 
structure of an image processing apparatus with a 
color printer 22 as one embodiment of a printing 
system of the present invention; 
Fig. 2 is a block diagram illustrating software struc- 
ture of this embodiment; 

Fig. 3 schematically illustrates structure of the print- 
er 22; 

Fig. 4 schematically illustrates internal structure of 
the print head 17a; 

Fig. 5 illustrates the principle of formation of dots in 
the printer 22 of the embodiment; 
Fig. 6 shows an arrangement of ink jet nozzles Nz 
on the print heads 17a through 17f; 
Fig. 7 is an enlarged view of the print head 17a; 
Fig. 8 illustrates internal structure of the control cir- 
cuit 40 of the printer 22; 

Fig. 9 shows the process of transmitting signals for 
forming dots to the print head 17a; 
Fig. 1 0 is a flowchart showing the flow of a print con- 
trol routine; 

Fig. 11 illustrates the process of recording dots with 
the print head 17a of the first embodiment at a first 
timing; 

Fig. 12 illustrates the process of recording dots with 
the print head 17a of the first embodiment at a sec- 
ond timing; 

Fig. 1 3 illustrates the process of recording dots with 
the print head 17a of the first embodiment at a third 
timing; 

Fig. 1 4 illustrates the process of recording dots with 
the print head 1 7a of the first embodiment at a fourth 
timing; 

Fig. 1 5 shows a process of carrying out main scans 
and sub-scans to record dots in the first embodi- 
ment; 

Fig. 1 6 shows a process of carrying out main scans 
and sub-scans to record dots in a second embodi- 
ment according to the present invention; 
Fig. 1 7 illustrates the process of recording dots with 
a print head 217a of a third embodiment at a first 
timing; 

Fig. 1 8 illustrates the process of recording dots with 
the print head 217a of the third embodiment at a 
second timing; 

Fig. 1 9 illustrates the process of recording dots with 
the print head 217a of the third embodiment at a 
third timing; 

Fig. 20 illustrates the process of recording dots with 
the print head 217a of the third embodiment at a 
fourth timing; 

Fig. 21 shows an arrangement of nozzle groups on 
a print head 31 7a in a fourth embodiment according 
to the present invention; 
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Fig. 22 shows a process of carrying out main scans 
and sub-scans to record dots in the fourth embodi- 
ment; and 

Fig. 23 shows a process of recording dots in the pri- 
or art interlace printing method. 

Some modes of carrying out the present invention 
are discussed below as preferred embodiments. 

(1) Structure of Apparatus 

Fig. 1 is a block diagram schematically illustrating 
structure of an image processing apparatus with a color 
printer 22 as one embodiment of a printing system of 
the present invention. Referring to Fig. 1, a scanner 
SCN and the color printer 22 are connected to a com- 
puter 90. The computer 90 processes images input, for 
example, from the scanner SCN according to a variety 
of applications programs. When an applications pro- 
gram outputs an instruction to print an image, the com- 
puter 90 activates a printer driver incorporated therein 
to convert the input image data to print data that are 
printable by the printer 22, and outputs the converted 
print data to the printer 22. The printer 22 receives the 
output print data and prints an image while executing a 
variety of controls discussed later. The printer 22 of this 
embodiment carries out printing in a variety of print 
modes. Data transferred from the computer 90 to the 
printer 22 include data used for specifying a print mode. 

The computer 90 includes a flexible disk drive 15 
and a CD-ROM drive 16, which respectively read pro- 
grams recorded on a flexible disk FD and a CD-ROM. 
The computer 90 is connectable with a public telephone 
network PNT via a modem 18. The computer 90 con- 
nects with a specific server SV linked with an external 
network via the public telephone network PNT and 
downloads programs into a hard disk incorporated in the 
computer 90. The computer 90 may transfer a variety of 
data as well as the downloaded programs to the printer 
22. 

Fig. 2 is a block diagram illustrating software struc- 
ture of this embodiment. The printer 22 includes a print 
head drive unit 17, amain scanning drive unit 11, a sub- 
scanning drive unit 12, and a control unit 1 9 including a 
CPU, a RAM, and a ROM. The main scanning drive unit 
1 1 carries out main scans that reciprocate a print head 
in a main scanning direction, whereas the sub-scanning 
drive unit 12 feeds a sheet ol paper in a sub-scanning 
direction that is perpendicular to the main scanning di- 
rection. The print head drive unit 17 drives a plurality of 
nozzles disposed on the print head, based on the print 
data transferred from the computer 90, and causes ink 
to spout onto the sheet of paper and record an image. 
Th control unit 1 9 controls the operations of these units 
17, 11, and 12. 

Fig. 3 schematically illustrates structure of the print- 
er 22. The printer 22 has a mechanism for feeding a 
printing medium 1 by means of a sub-scanning motor 2, 



a mechanism for reciprocating a carriage 8 along the 
axis of a platen 26 by means of a main scanning motor 
3, a mechanism for driving print heads 17a through 17f 
mounted on the carriage 8 to control spout of ink and 
5 formation of dots, and a control circuit 40 for transmitting 
signals to and from the sub-scanning motor 2, the main 
scanning motor 3, the print heads 17a through 17f, and 
a control panel 32. The following describes th ese mech- 
anisms in this sequence. 
10 The printing medium 1 , such as a sheet of paper or 
a film, is fed in the sub-scanning direction by means of 
a drive roller driven by the sub-scanning motor 2 and a 
pressure roller. The sub-scanning direction is perpen- 
dicular to the direction in which the carriage 8 recipro- 
is cates as shown in Fig. 3. 

The mechanism for reciprocating the carriage 8 
along the axis of the platen 26 includes a sliding shaft 
34 that is arranged in parallel with the axis of the platen 
26 to slidably support the carriage 8, a pulley 38, an end- 
20 less drive bell 10 spanned between the main scanning 
motor 3 and the pulley 38, and a position sensor 39 that 
detects the position of the origin of the carriage 8. The 
main scanning motor 3 drives the drive belt 10 and re- 
ciprocates the carriage 8 in the main scanning direction. 
25 A black ink tank 15b for black ink (Bk) and a color 
ink tank 15c in which five color inks, that is, cyan (C1), 
light cyan (C2), magenta (M1), light magenta (M2), and 
yellow (Y), are accommodated may be mounted on the 
carriage 8 of the printer 22. Both the higher-density ink 
30 (dark ink) and the lower-density ink (light ink) are pro- 
vided for the two colors, cyan and magenta. The total of 
six print heads 1 7a through 1 7f are mounted on the low- 
er portion of the carriage 8, and ink supply conduits 16 
(see Fig. 4) are formed in the bottom portion of the car- 
35 riage 8 for leading supplies of inks from the ink tanks 
15b and 15c to the respective print heads 17a through 
17f. When the black ink tank 15b and the color ink tank 
15c are attached downward to the carriage 8, the ink 
supply conduits 16 are inserted into connection aper- 
40 tures (not shown) formed in the respective ink tanks. 
This enables-supplies of inks to be fed from the respec- 
tive ink tanks 1 5b and 1 5c to the print heads 1 7a through 
17f. 

The following describes the mechanism of spouting 
45 ink and forming dots. Fig. 4 schematically illustrates in- 
ternal structure of the print head 17a. When the ink tank 
15b is attached to the carriage 8, a supply of ink in the 
ink tank 15b is sucked out by capillarity through the ink 
supply conduit 16 and is led to the print head 17a as 
so shown in Fig. 4. In the case where the ink tank 15b is 
attached to the carriage 8 for the first time, a pump works 
to suck a first supply of ink into the print head 17a. In 
this embodiment, structures of the pump for suction and 
a cap for covering the print head 1 7a during the suction 
55 are not illustrated nor described specifically. The other 
print heads 17b through 17f have similar structures. 

An array of forty-eight nozzles Nz (see Fig. 6) are 
formed in each of the print heads 17a through 17f of the 
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respective colors as discussed later. A piezoelectric el- 
ement PE, which is an electrically distorting element and 
has an excellent response, is arranged for each nozzle 
Nz. Fig. 5 illustrates a configuration of the piezoelectric 
element PE and the nozzle Nz. As shown in the upper 
drawing of Fig. 5, the piezoelectric element PE is dis- 
posed at a position that comes into contact with an ink 
conduit 68 for leading ink to the nozzle Nz. As is known, 
the piezoelectric element PE has a crystal structure that 
is subjected to mechanical stress due to application of 
a voltage and thereby carries out extremely high-speed 
conversion of electrical energy to mechanical energy. In 
this embodiment, application of a voltage between elec- 
trodes on either ends of the piezoelectric element PE 
for a predetermined time period causes the piezoelectric 
element PE to extend for the predetermined time period 
and deform one side wall of the ink conduit 68 as shown 
in the lower drawing of Fig. 5. The volume of the ink con- 
duit 68 is reduced with an extension of the piezoelectric 
element PE, and a certain amount of ink corresponding 
to the reduced volume is sprayed as ink particles I p from 
the end of the nozzle Nz at a high speed. The ink parti- 
cles Ip soak into the printing medium 1 set on the platen 
26, so as to implement printing. 

Fig. 6 shows an arrangement of the ink jet nozzles 
Nz on the print heads 1 7a through 1 7f. The arrangement 
includes six nozzle arrays, wherein each nozzle array 
has a plurality of nozzles that spray ink particles of each 
color on the printing medium 1. Each nozzle array in- 
cludes forty-eight nozzles Nz arranged linearly in two 
columns. -For convenience of explanation, one column 
of nozzles linearly arranged is referred to as the nozzle 
group A, whereas the other column of nozzles is referred 
to as the nozzle group B. 

Fig. 7 is an enlarged view of the print head 1 7a. The 
nozzle group A and the nozzle group B respectively in- 
clude twenty-four nozzles aligned in the sub-scanning 
direction. The interval between each pair of adjoining 
nozzles in the sub-scanning direction is identical with 
the recording pitch of dots in the sub-scanning direction. 
The corresponding nozzles in the nozzle group A and 
the nozzle group B have coincident positions in the sub- 
scanning direction. An interval k1 between the nozzle 
group A and the nozzle group B in the main scanning 
direction is set in such a manner that the number of noz- 
zle groups N1 is prime to the interval kl between the 
nozzle groups A and B in the main scanning direction 
xpressed by the recording pilch of dots in the main 
scanning direction as the unit. In this embodiment, the 
print head 17a has two nozzle groups, that is, the nozzle 
group A and the nozzle group B. The number of nozzle 
groups N1 is accordingly equal to two. An odd number 
is accordingly 6et to the interval k1 between the nozzle 
groups A and B in the main scanning direction. As 
shown in Fig. 7, the interval k1 is set equal to the pitch 
of three dots in this embodiment. The circles shown by 
the broken line in Fig. 7 represent the size of dots re- 
corded in the main scanning direction. Another odd 



number may be s t to the interval kl between the adjoin- 
ing nozzle groups in the main scanning direction. The 
reason why the interval k1 between the nozzle groups 
in the main scanning direction is set to be prime to the 
5 number of nozzle groups N 1 will be discussed later, with 
the process of recording dots in this embodiment. The 
other print heads 17b through 17t have similar struc- 
tures. 

The following describes the internal structure of the 
10 control circuit 40 of the printer 22 and the method of driv- 
ing the print heads 17a through 17f with the plurality of 
nozzles Nz shown in Fig. 6. Fig. 8 illustrates internal 
structure of the control circuit 40. Referring to Fig. 8, the 
control circuit 40 includes a CPU 41 , a PROM 42, a RAM 
is 43, a PC interface 44 that transfers data to and from the 
computer 90, a peripheral input-output unit (PIO) 45 that 
transmits signals to and from the sub-scanning motor 2, 
the main scanning motor 3, and the control panel 32, a 
timer 46 that counts the time, and a drive buffer 47 that 
outputs dot on-off signals lo the print heads 17a through 
17f. These elements and circuits are mutually connect- 
ed via a bus 48. 

The control circuit 40 also includes a generator 51 
that outputs driving wavelorms (see Fig. 9) at a prede- 
termined frequency and a distributor 55 that distributes 
the output from the generator 51 to the print heads 17a 
through 17f at a preset timing. The control circuit 40 re- 
ceives the image data processed by the computer 90, 
temporarily stores the input image data into the RAM 
43, and outputs the image data to the drive buffer 47 at 
a predetermined timing. The control circuit 40 also con- 
trols main scans of the carriage 8, actuation of the re- 
spective nozzles, and sub-scans. 

The control circuit 40 outputs signals to the respec- 
tive print heads 17a through 17f in the following manner. 
Fig. 9 shows a process of transmitting signals for form- 
ing dots to the print head 1 7a as an example. The re- 
spective nozzles groups A and B on the print head 17a 
are incorporated in a circuit with the drive buffer 47 as 
the source and the distributor 55 as the sink. Each pie- 
zoelectric element PE used for driving each nozzle has 
one electrode connected to each output terminal of the 
drive buffer 47 and the other electrode connected to a 
common output terminal of the distributor 55. The dis- 
tributor 55 outputs driving waveforms of the generator 
51 to the nozzle groups A and B as shown in Fig. 9. 
When the CPU 41 determines the on-off state of the re- 
spective nozzles and outputs signals to the correspond- 
ing terminals of the drive buffer 47, only the piezoelectric 
elements PE receiving the ON signal from the drive buff- 
er 47 are driven according to the driving waveforms. 
This causes the nozzles corresponding to the piezoe- 
lectric elements PE receiving the ON signal from the 
drive buffer 47 to spout ink particl s I p. 

In the print r 22 having the hardware structure de- 
scribed above, while the sub-scanning motor 2 feeds the 
printing medium 1, the main scanning motor 3 recipro- 
cates the carriage 8. At the same time, the piezoelectric 
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elements PE provided on the print heads 17a through 
17f of the respective colors are driven to spout the re- 
spective color inks and form dots, thereby producing a 
multi-colored image on the printing medium 1. 

The print heads 1 7a through 1 7f adopted in this em- 
bodiment utilize piezoelectric elements that vibrate to 
apply a pressure to ink and cause the ink to be sprayed. 
The print heads 17a through 17f may. however, have 
any one of the other applicable structures, for example, 
the structure of heating ink with a heater to produce bub- 
bles and causing ink to be sprayed by the expansion 
pressure. The principle of the present invention is appli- 
cable to a variety of printing systems, for example, print- 
ers whose print head is a thermal transfer mechanism 
or an impact dot mechanism, other than the printer 
whose print head is the ink jet mechanism discussed 
above. 

(2) Print Control Process 

The following describes the details of a print control 
process, which forms dots and thereby prints an image, 
with the flowchart of Fig. 10. The flowchart of Fig. 10 
shows the flow of a print control routine. This routine is 
executed by the CPU 41 of the printer 22 (see Fig. 8). 
When the program enters the print control routine, the 
CPU 41 first reads image data at step S100. The image 
data are a series of data that have been processed by 
the computer 90 and represent the on-off state of dots 
to cause the respective print heads 17a through 17f of 
the printer 22 to create raster lines. Although the struc- 
ture of this embodiment first reads all the image data 
and then starts printing, another possible structure may 
successively read image data required for one main 
scan. 

The CPU 41 then specifies data used lor the re- 
spective nozzle groups to record dots at step S110. In 
this embodiment, each print head has two columns of 
nozzles that form dots on the respective raster lines as 
shown in Fig. 7, thai is, the nozzle groups A and B de- 
scribed above. The CPU 41 accordingly allocates the 
dots to be formed on the respective raster lines to these 
nozzle groups A and B at step S 1 1 0. A concrete proce- 
dure of allocating data to the nozzle groups will be dis- 
cussed later. The specified data are transferred to the 
drive buffer 47 shown in Fig. 8. 

The CPU 41 subsequently drives the main scanning 
motor 3 to carry out a main scan of the carriage 8 and 
drives the respective print heads 17a through 17f to 
record dots at step S120. The following describes the 
timing of the main scan and formation of dots with the 
drawings of Figs. 11 through 14. 

Fig. 11 illustrates the position of the carriage 8 at 
the time of starting a main scan and the dots formed by 
the print head 17a. The carriage 8 carries out main 
scans in the lateral direction in the drawing of Fig. 11. 
The carriage 8 moves rightward in Fig. 1 1 to record dots. 
For convenience of explanation, it is assumed that the 



nozzles on the left sid are included in the nozzle group 
A and the nozzles on the right side are included in the 
nozzle group B. The dots formed by the nozzle group A 
are shown by circles, whereas the dots formed by the 
5 nozzle group B are shown by squares. The numerals in 
the respective symbols imply that these dots are formed 
at the first timing. In this embodiment, the interval be- 
tween the nozzle group A and the nozzle group B in the 
main scanning direction corresponds to three dots as 
10 shown in Fig. 7. The dots are accordingly formed at an 
interval of three dots in the main scanning direction as 
shown in Fig. 11. There are no dots formed to be adja- 
cent in the main scanning direction to the imaginary dots 
formed by the nozzle group A at the timing of Fig. 11 as 
is described later. In this embodiment, the nozzle group A 
accordingly does not 1orm any dots at the first timing 
shown in Fig. 11. The dots corresponding to the nozzle 
group A are shown by the broken line in Fig. 11. This 
implies that no dots are actualty formed by the nozzle 
20 group A al this timing. 

As a matter of convenience of illustration, both the 
number of nozzles and the number of dots formed by 
the nozzles are reduced in the example of Figs. 11 
through 14. A total of forty-eight dots are formed in the 
2S actual state. Although Figs. 11 through 14 illustrate only 
the print head 1 7a for printing black dots, the other print 
heads 17b through 17f form dots in a similar manner. 

After formation of the dots at the first timing, the car- 
riage 8 shifts rightward to cause the nozzle groups A 
30 and B to record dots at a second timing. Fig. 12 shows 
the position of the carriage 8 and the dots formed at this 
timing. At the second timing shown in Fig. 12. the dots 
are formed in pixels that are apart from the dots formed 
in Fig. 11 by two dots in the main scanning direction. 
35 This means that the moving rate of the print head 17a 
in the main scanning direction is N1 times the dot pitch 
in the main scanning direction per recording time of one 
dot. N1 denotes the number of nozzle groups provided 
on each print head. In this embodiment, there are two 
40 nozzle groups, the nozzle groups A and B, on each print 
head, so that N1 is equal to 2. 

The carriage 8 further shifts in the main scanning 
direction by two dots to cause the nozzle groups A and 
Bto record dots at the timing shown in Fig. 1 3. then shifts 
45 by another two dots to cause the nozzle groups A and 
B to record dots at the timing shown in Fig. 14. Every 
time when the carriage 8 shifts by two dots, the nozzle 
groups A and B are activated to form dots simultane- 
ously. This structure enables dots to be formed without 
so causing any dropout or overlap of dots in the main scan- 
ning direction as shown in Fig. 14. 

At step S110 in the flowchart of Fig. 10, image data 
corresponding to the respective raster lines are allocat- 
ed to the nozzle groups A and B, in order to realize the 
55 recording process shown in Figs. 11 through 14. The 
nozzle groups A and B respectively form dots in every 
other pixel in the main scanning direction as shown in 
Figs. 11 through 14. Among the image data correspond- 
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mg to the respective raster lines, data corresponding to 
pixels ot odd ordinal numbers in the main scanning di- 
rection are allocated to the nozzle group B. whereas da- 
ta corresponding to pixels of even ordinal numbers are 
allocated to the nozzle group A. 

As discussed in Fig. 7, in this embodiment, appro- 
m pnate values are set to the interval k1 between the noz- 
zle groups and the number of nozzle groups N1 , in order 
to satisfy the relationship in which the interval k1 and 
. the number N1 are prime to each other. This structure 
enables dots to be formed without any dropout in the 
main scanning direction while the carriage 8 shifts in the 
main scanning direclion and drives both the nozzle 
groups at the same timing. This structure facilitates con- 
trol of the respective print heads 17a through 17f and 
simplifies the circuit structure of the control circuit 40 In 
order to change the timing of dot formation in the respec- 
tive nozzle groups, a delay circuit is generally required 
to output the driving waveforms of the generator 51 at 
different timings to the respective nozzle groups in the 
structure of Fig. 8. The delay circuit is, however, not re- 
quired when the above condition regarding the number 
of nozzle groups and the interval between the nozzle 
groups is satisfied. The circuit structure is accordingly 
simplified in Ihis embodiment as shown in Fig 9 The 
nozzle groups may be arranged at an interval that does 
not satisfy the above condition as long as the structure 
allows conlrol of the print head and adjustment of the 
output timing of the driving waveforms. 

The above procedure forms the respective raster 
lines. Referring back to the flowchart of Fig 1 0 the CPU 
41 deteimines whether or not printing has been conclud- 
ed at step S1 30. The completion of printing depends up- 
on determination of whether or not all the image data 
stored in the RAM 43 have already been output and 
processed. When printing has not yet been concluded 
the CPU 41 carries out a sub-scan at step S140. 

Fig. 15 shows a process of carrying out sub-scans 
to record dots. The left-side drawings of Fig. 15 show a 
variation in position of the print head 17a in the sub- 
scanning direction in the first, the second, and the third 
mam scans. For the purpose of avoiding overlap of the 
drawings, the position of the print head 17a is also shift- 
ed in the lateral direction in Fig. 15. As a matter of con- 
venience of illustration, the number of nozzles is re- 
duced to twelve in each nozzle group, that is, a total of 
twenty four. 

The right-side drawing of Fig. 1 5 shows dots formed 
in the respective main scans. The circles denote dots 
formed by the nozzle group A, whereas the squares de- 
note dots formed by the nozzle group B. The numerals 
in the respective symbols represent the time of the main 
scan. 

Every time when a main scan is carried out to form 
raster lines, a sub-scan of twelve dots is carried out as 
shown in Fig. 15. L=12 in Fig. 15 represents the feeding 
amount in sub-scan or the sub-scan feed amount 
Namely the sub-scan is carried out by the amount cor- 



responding to the number of nozzles included in each 
nozzle group. In the printer 22 of this embodiment each 
nozzle group actually includes twenty-four nozzles so 
hat the sub-scan feed amount is equal to the pitch of 
twenty-four dots. The printer 22 repeatedly executes the 
main scan and the sub-scan described above to print a 
resulting image. 

As shown in Fig. 15, the printer 22 of this embodi- 
ment creates each raster line in such a manner that dots 
formed by the nozzle group A and dots formed by the 
nozzle group B are arranged alternately and thereby 
prints a resulting image. Each raster line in the main 
scanning direction is always recorded by two different 
nozzles, that is, a nozzle included in the nozzle group A 
and another nozzle included in the nozzle group B Even 
when a deviation of dot-forming positions occurs due to 
the distribution of the ink-spouting characteristics of the 
individual nozzles, this structure enables the deviation 
to be effectively dispersed oh each raster line, thereby 
improving the picture quality of the resulting printed im- 
age. The printer 22 of this embodiment carries out print- 
ing upon condition that the number of repeated scans is 
set equal to one. Namely each raster line is formed by 
one mam scan. This structure improves the picture qual- 
ity of the resulting printed image without lowering the 
prinling speed. 

(3) Second Embodiment 



The following describes a second embodiment ac- 
cording to the present invention. In the second embod- 
iment of the present invention, a print head 117a has a 
different structure from that of the print head 17a of the 
first embodiment. Fig. 16 illustrates nozzle groups 
3S mounted on the print head 1 1 7a of the second embod- 
iment. Like the print head 17a of the first embodiment 
the print head 11 7a of the second embodiment has noz- 
zle groups A and B, wherein each nozzle group includes 

40 S!! T n ° 22,eS arran9Sd in a "'9nment. The interval 
k1 between the respective nozzle groups A and B in the 
main scanning direction corresponds to the pitch of 
three dots. On the print head 117a of the second em- 
bodiment, the nozzle group A is shifted from the nozzle 
group B by one dot in the sub-scanning direction. As a 
matter of convenience of drawing, the number of noz- 
zles included in each nozzle group is reduced to twelve 
in Fig. 16. 

The second embodiment with the print head 117a 
carries out a print control routine that is similar to the 
« flowchart of Fig. 10. When the print control routine is 
executed, dots are formed according to the process 
shown in Figs. 11 through 14 with respect to a section 
P2 m Fig. 16, in which two nozzles are aligned in the 
mam scanning direction. With r sp ct to the remaining 
55 sections P1 and P3 in Fig. 1 6, in which two nozzles are 
not aligned in the main scanning direction, the dots 
formed are only those shown by the circles or those 
shown by the squares in Figs. 11 through 14. By way of 
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example, the first main scan forms only the dots shown 
by the squares on a raster line L1 in Fig. 16. 

When the sub-scan is carried out to form dots after 
the first main scan, the nozzle included in the section 
P1 forms dots shown by the circles on the raster line L1 
as illustrated in Fig. 16. The structure of the second em- 
bodiment with the print head 117a also enables an im- 
age to be printed without causing any problems. Al- 
though the nozzle group A is shifted from the nozzle 
group B by one dot in the sub-scanning direction in the 
structure of the second embodiment, the print head may 
have another arrangement in which the nozzle group A 
is largely shifted from the nozzle group B by an integral 
multiple of the pitch of pixels in the sub-scanning direc- 
tion. This structure also enables an image to be printed 
in a similar manner. 

As illustrated in Fig. 1 6, the printer 22 of the second 
embodiment also enables each raster line to be formed 
by different nozzles, thereby improving the picture qual- 
ity of a resulting printed image. The structure of the sec- 
ond embodiment further causes the raster line L1 and 
L2 to be formed by a plurality of main scans, thus further 
improving the picture quality of the resulting printed im- 
age. In the structure of the first embodiment, there is no 
overlap of the image areas lormod by the respective 
main scans (A1, A2, and A3 in Fig. 15). When there is 
an error in the sub-scan feed amount, a dropout of dots 
or a vacant space may exist between the respective im- 
age areas. In the printer 22 of the second embodiment, 
there are overlaps of the image areas formed by the re- 
spective main scans on the raster lines L1 and L2. Even 
when an error exists in the sub-scan feed amount, this 
structure disperses the error on the raster lines and 
thereby improves the picture quality of the resulting 
printed image. 

(4) Third Embodiment 

The following describes a third embodiment accord- 
ing to the present invention. In the third embodiment of 
the present invention, a print head 217a has a different 
structure from that of the print head 17a of the first em- 
bodiment. Fig. 17 illustrates nozzle groups mounted on 
the print head 217a of the third embodiment. The print 
head 217a of the third embodiment has three nozzle 
groups (N1=3), that is, nozzle groups A, B and C. The 
number of nozzles included in each nozzle group is 
twenty four. Both the interval between the nozzle groups 
A and B and the interval between the nozzle groups B 
and C are set four times the pitch of pixels (k1=4) to be 
prime to the number of nozzle groups N1=3. Another 
even number or an odd number, such as 5, may be set 
to these intervals. 

Figs. 17 through 20 show the process of recording 
dots with the print head 21 7a. Fig. 1 7 il lustrates the proc- 
ess of recording dots at the time of starting dot forma- 
tion. The circles represent dots formed by the nozzle 
group A, the squares represent dots formed by the noz- 



zle group B, and the doubl circles r present dots 
formed by the nozzle group C. In the actual state, dots 
are formed only by the nozzle group C at the timing 
shown in Fig. 17. This is because there are no dots 
s formed during main scans of the carriage 8 to be adja- 
cent to the imaginary dots formed by the nozzle group 
A and the nozzle group B at the timing of Fig. 17. 

Fig. 18 illustrates the process of recording dots at 
the timing when the carriage 8 shifts rightward in the 
10 drawing by the pitch of three dots. In this embodiment, 
the moving rate of the print head 21 7a in the main scan- 
ning direction is set three times the pitch of pixels per 
recording time of one pixel (N1=3). Namely the respec- 
tive nozzle groups are driven to record dots every time 
is when the carriage 8 shifts by the pitch of three dots. The 
respective nozzle groups record dots at an identical tim- 
ing. The shift of the carriage 8 coincides with the number 
of nozzle groups N1. The relationship between the shift 
of the carriage 8 in the process of recording dots and 
20 the number of nozzle groups N1 in the third embodiment 
is similar to that in the first embodiment. At the timing of 
Fig. 18, the nozzle group A does not form any dots. 

The carriage 8 further shifts by three dots and then 
by another three dots to record dots as shown in Figs. 
25 1 g and 20. Every time when the carriage 8 shifts by three 
dots, the nozzle groups A through C are driven to form 
dots simultaneously. This structure enables dots to be 
formed without any dropout or overlap of dots in the 
main scanning direction as shown in Fig. 20. A sub-scan 
30 is carried out after each main scan as shown in Fig. 15. 
This procedure is repeated to create an image in a pre- 
determined area. 

In the printing system of the third embodiment, each 
raster line is formed by three different nozzles as shown 
3$ in Fig. 20. This structure enables the deviation of the 
dot-forming positions due to a distribution of the char- 
acteristics of the individual nozzles to be effectively dis- 
persed and thereby realizes high quality printing. 

In the printing system of the third embodiment, the 
40 positions of the respective nozzle groups may be shifted 
in the sub-scanning direction, like the example of Fig. 
16. Although the structure of the third embodiment has 
the value '3' as the number of nozzle groups N1, the 
print head may have a greater number of nozzle groups. 

45 

(5) Fourth Embodiment 

The following describes a fourth embodiment ac- 
cording to the present invention. Fig. 21 shows an.ar- 
so rangement of nozzle groups mounted on a print head 
31 7a in the fourth embodiment of the present invention. 
The print head 31 7a has two nozzle groups, that is, noz- 
zle groups A and B. The interval k1 between the nozzle 
groups A and B in the main scanning direction is set 
55 equal to 3, which is prime to the number of nozzle groups 
N1=2. Unlike the nozzle groups shown in the first 
through the third embodiments, each nozzle group in the 
fourth embodiment includes nozzles that are arranged 
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at predetermined intervals in the sub-scanning direc- 
tion. A number of nozzles N2 included in each of the 
nozzle groups A and B Is set to be prime to an interval 
k2 between adjacent nozzles in the sub-scanning direc- 
tion expressed by the pitch of pixels in the sub-scanning 
direction as the unit. In the fourth embodiment, the 
number of nozzles N2 in each nozzle group is set equal 
to 23, and the interval k2 between adjacent nozzles in 
the sub-scanning direction is set four times the pitch of 
pixels (k2=4). A variety of other settings are allowed in 
the range that satisfies the above condition. The signif- 
icance of the relationship between the number of noz- 
zles N2 and the interval k2 in the sub-scanning direction 
will be described later. 

The right-side drawing of Fig. 21 shows dots formed 
by the print head 317a. The circles represent dots 
formed by the nozzle group A, whereas the squares rep- 
resent dots formed by the nozzle group B. The symbols 
shown by the broken lines are only used for clarification 
to indicate the positional relationship of the respective 
dots. The positional relationship between the nozzle 
groups in the main scanning direction is identical with 
those in the first and the second embodiments. The noz- 
zle groups thus form dots alternately to record each 
raster line as shown in Fig. 21 . The moving rate of the 
print head 317a in the main scanning direction is three 
times the pitch of pixels per recording time of one pixel 
(N1=3) like the first and the second embodiments. 

A sub-scan is carried out after each main scan to 
record dots as shown in Fig. 22. The symbols used in 
Fig. 22 represent the same as those in Fig. 15. As a 
matter of convenience of illustration, it is assumed that 
each of the nozzle groups A and B has three nozzles in 
the sub-scanning direction. The shift of the print head 
317a in the sub-scanning direction is N2 times the pitch 
of pixels in the sub-scanning direction. In the example 
of Fig. 22, the number of nozzles N2 in the sub-scanning 
direction is equal to three. Sub-scans are accordingly 
carried out by the amount of feed corresponding to the 
pitch of three dots. In the drawing of Fig. 22, L=3 repre- 
sents the sub-scan feed amount. 

The right-side drawing of Fig. 22 shows dots formed 
in the course of main scans and sub-scans. This struc- 
ture enables an image to be printed without causing any 
dropout or overlap of dots in an area A4. Imaginary 
raster lines R1 through R3 do not have adjacent raster 
lines, so that the first and the second main scans do not 
form dots on these raster lines in the actual stale. This 
recording process is realized by the relationship in which 
the number of nozzles N2 in the sub-scanning direction 
is prime to the interval k2 between adjacent nozzles in 
the sub-scanning direction. When the above condition 
is not fulfilled, a different nozzle may scan on the raster 
line that has already b en record d. This low rs the f- 
ficiency of printing. The numb r of nozzles N2 and the 
interval k2 in th sub-scanning direction may be set to 
any values in cases where the efficiency of printing is 
neglected. In the example of Fig. 22, ach nozzle group 



on the print head 317a has three nozzles in the sub- 
scanning direction. A similar printing process is realized 
by an arbitrary number of nozzles other than the twenty- 
three nozzles in the fourth embodiment. 
5 In the printing system of the fourth embodiment, two 
different nozzles are driven to record dots on each raster 
line in the main scanning direction. This structure simul- 
taneously realizes interlace printing. The structure of the 
fourth embodiment disperses the deviation of the dot- 
io forming positions on each raster line and thereby im- 
proves the picture quality of a resulting recorded image. 
The structure also disperses the deviation of the dot- 
forming positions among different raster lines and fur- 
ther improves the picture quality of the resulting record- 
is ed image. 

In the above embodiments, the respective nozzles 
form dots in different pixels. One possible modification 
of the structure forms a plurality of dots in the same pixel 
in an overlapping manner. This modified structure al- 
lows multi-tone expression of each pixel and thereby im- 
proves the picture quality of the resulting recorded im- 
age. This structure does not require an increase in 
number of main scans to create each raster line and thus 
does not lower the printing speed. 

The present invention is not restricted to tho above 
embodiments or their modifications, but there may be 
many other modifications, changes, and alterations 
without departing from the scope of the main character- 
istics of the present invention. For example, the above 
embodiments relate to color printers with six color-inks. 
The principle of the present invention, however, does 
not depend upon the number of color inks, but is appli- 
cable to monochromatic printers. In the above printing 
systems, the CPU 41 of the printer 22 executes the print 
control process. The CPU in the computer 90 may al- 
ternatively execute the print control process. 

It should be clearly understood that the above em- 
bodiments are only illustrative and not restrictive in any 
sense. The scope of the present invention is limited only 
by the terms of the appended claims. 



Claims 

1. A printing system that carries out a main scan, 
which reciprocates a print head relative to a printing 
medium, and forms a raster line, which is a row of 
dots aligned in a main scanning direction, so as to 
print an image on said printing medium, 

wherein said print head comprises a plurality 
of nozzles which form an identical type of dots on a 
raster line in one main scan. 

2. A printing system in accordance with claim 1, 
wherein said plurality of nozzles are arranged at a 
predetermined interval k1 in the main scanning di- 
rection, said predetermined interval b ing an inte- 
gral multiple of a pitch of pixels in the main scanning 
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direction. 

3. A printing system in accordance with claim 1 or 2, 
said printing system further comprising: 

a drive unit which controls actuation of said s 
plurality of nozzles and causes said plurality of noz- 
zles to record dots at different positions on said 
raster line. 

4. A printing system in accordance with claim 1, 2 or 10 
3, wherein said plurality of nozzles are arranged to 
satisfy a relationship in which a predetermined in- 
terval k1 of said plurality of nozzles in the main 
scanning direction expressed as the pitch of pixels 

in the main scanning direction is prime to a number is 
of said plurality of nozzles N1 aligned in the main 
scanning direction. 

5. A printing system in accordance with claim 3 and 4, 
wherein said drive unit drives said plurality of noz- 20 
zles simultaneously at a specific timing to record 
dots in every N 1-th pixel in the main scanning direc- 
tion. 

6. A printing system in accordance with any preceding 2s 
claim, wherein said print head comprises plural sets 

of said plurality of nozzles, said plural sets being 
arranged at a given interval in a predetermined di- 
rection crossing the main scanning direction, said 
given interval being an integral multiple k2 of a pitch 30 
of pixels in the predetermined direction. 

7. A printing system in accordance with claim 6, 
wherein said print head comprises said plural sets 

of said plurality of nozzles that are arranged to sat- 3S 
isfy a relationship in which the integral multiple k2 
and a number of said plural sets N2 are prime to 
each other. 

8. A printing system in accordance with claim 7, said 40 
printing system further comprising: 

a sub-scanning unit that carries out a sub- 
scan, which shifts said printing medium relative to 
said print head by a predetermined amount of feed 
in a sub-scanning direction or in the predetermined 4$ 
direction crossing the main scanning direction eve- 
ry time when one raster line is formed, said prede- 
termined amount of feed being N2 times the pitch 
of pixels in the sub-scanning direction. 

so 

9. A method of carrying out a main scan, which recip- 
rocates a print head relative to a printing medium, 
and forms a raster line, which is a row of dots 
aligned in a main scanning direction, so as to print 

an image on said printing medium, ss 

wherein said print head comprises a plurality of 
nozzles which form an identical type of dots on 



a raster line in one main scan and ar arranged 
to satisfy a relationship in which a predeter- 
mined interval k1 of said plurality of nozzles in 
the main scanning direction expressed as a 
pitch of pixels in the main scanning direction is 
prime to a number of said plurality of nozzles 
N1 aligned in the main scanning direction, 
said method comprising the steps of: 

(a) driving said print head in the main scan- 
ning direction; and 

(b) driving said plurality of nozzles simulta- 
neously at a specific timing to record dots 
in every N1-th pixel in the main scanning 
direction. 
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(57) The present invention provides a printing sys- 
tem in which a print head (17a) of each color has a plu- 
rality of nozzle groups (A : B) arranged in parallel in a 
main scanning direction. The number of nozzle groups 
(A,B) is equal to N1, and each nozzle group (A,B) in- 
cludes a plurality of nozzles aligned in a sub-scanning 
direction. An interval between the adjoining nozzle 
groups (A,B) in the main scanning direction is set equal 
to a pitch of kl dots, which is prime to the number of 
nozzle groups N1. The print head (17a) is scanned in 
the main scanning direction and drives the plurality of 
nozzle groups (A,B) simultaneously on the print head 
(17a) to record dots every time that the print head (17a) 
shifts by N1 pixels in the main scanning direction. This 
structure enables each raster line in the main scanning 
direction to be recorded by different nozzles (A,B) in one 
main scan. The nozzle groups (A,B) may be shifted rel- 
ative to one another in the sub-scanning direction to pro- 
vide raster lines (L1.L2) formed from more than one 
main scan. 
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